. Photograph of the three types of crystals obtained: bright orange platelets ((C 6 H 5 CH 2 NH 3 ) 2 PbI 4 ), colorless needles (an unidentified phase), and nearly transparent, light yellow bar-shaped crystals ((C 6 H 5 CH 2 NH 3 ) 4 Pb 5 I 14 ·2H 2 O). Figure S2 . Asymmetric unit of (C 6 H 5 CH 2 NH 3 ) 4 Pb 5 I 14 ·2H 2 O at 100 K, showing thermal ellipsoids at 50% probability. The H 2 O molecules are rotationally disordered and the orientation drawn should be considered illustrative only. and of an idealized edge-sharing slab with fixed Pb-I distances of 3.15 Å (red). The right panel shows a more elaborate band structure of the idealized edge-sharing slab, as calculated for a hexagonal unit cell, over the hexagonal Brillouin zone path.
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binding (TB) approximation.
It is important to mention that there are two different structural motifs that can be built from edge-sharing octahedra, as shown in Figure S5 . One possibility has hexagonal symmetry, in which each Pb ion has six nearest neighbors, linked by 90° Pb-I-Pb angles only. This is the type of edgesharing we encounter in (C 6 H 5 CH 2 NH 3 ) 4 Thus, the hexagonal model is the only case in which solely edge-sharing occurs and is therefore the model we use to compare edge-sharing with corner-sharing. Consequently, we studied the band structure of two theoretical model structures: a 3D structure solely consisting of cornersharing PbI 6 -octahedra and the 2D edge-sharing structure of which the band structure is given in Figure S4 . These are simplified structural models, in which all the Pb-I distances are fixed to 3.15 Å, and octahedral tilting is absent. Figure S6 shows the band structures of both structure models, as well as a tight-binding (TB) fit to the calculations. 
S7
In this TB approximation, only the nearest-neighbor interaction is considered. The TB fit includes s-s overlap, s-p interactions, p-p (σ-σ) interactions and p-p (π-π) interactions. The TB parameters (on-site energies, Slater-Koster parameters) were fitted for the 2D edge-sharing and 3D corner-sharing structures to approximate the DFT band structures as closely as possible. The final TB calculations were performed using the averaged parameters for both structures (see Table S1 ). For the TB calculations, the TBPW 1.1 program was used. 1 As can be seen in Figure S6 , the TB fit describes the essence of the DFT band structures. Hopping of carriers from one Pb to another Pb is only possible via an intermediate I. In the case of the 3D corner-sharing structure, this means that all Pb-I-Pb angles equal 180°. In contrast, the 2D hexagonal edge-sharing structure contains no 180° paths, and all the Pb-I-Pb angles equal 90°. Surprisingly, our results show that to pass these 90° corners, the s-p interaction barely plays a role, while the combination of p-p (σ-σ) and p-p (π-π) is crucial. The bottom panel of Figure S6 shows that without p-p (π-π) interactions, the band structure of the edge-sharing structure becomes very flat, while the band-structure of the corner-sharing structure stays nearly the same. Therefore, we conclude that the π-π overlap plays a significant role in the band structure of edge-sharing PbI 6 -octahedra. Furthermore, as the π-π interactions are generally much weaker than the σ-σ interactions, this means that the entire p-p interaction is crucial. Note that we used a certain level of approximation, which excludes several interactions and parameters, such as next-nearest neighbor interactions, differences in crystal field, spin-orbit coupling and octahedral tilting. However, we see that although switching on the π-π interaction leads to a significant band broadening, the gap for the hexagonal system remains larger than that of the cubic system. It is this, combined with the much stronger effect of SOC in the cubic system, that results in a significantly larger band gap in the hexagonal edge-sharing system. Here, we present the electronic band structure diagrams of the 3D (corner-sharing), 2D
(corner-and edge-sharing) and 1D (corner-, edge-and face-sharing) model structures, calculated within DFT, with and without spin-orbit coupling. We modeled the 2D slabs and 1D linear chains (see Figure S7 ) using a 3D periodically repeated super cell. We calculated the approximate band gaps by evaluating the band structures as a function of distance between the periodic image of the slabs or chains. When the distance is too small, undesired interactions between the slabs or chains occur.
However, as most of the systems have a negative charge, electrons start to become unbound when the distance between the chains becomes too large, due to reduction of the positively charged background (negatively charged ions are often unstable in LDA and GGAs). As a result, vacuum levels can have a lower energy than the LUMO of the slabs or chains themselves. This can be accounted for when the band structures are calculated as a function of distance between the slabs or chains (Figures S9-S12 ).
As an example, consider the case of Figure S10 
